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TENSILE  AND   COMPRESS ITE   TESTS   OS1   MAGNESIUM   ALLOY J-l   SHEET 

By   0.   S.   Aitchison   and  James "A.   Miller 

SUMMARY 

Tensile   and  compressive   stress—strain   curves,   stress- 
deriation   curves,   and   secant  modulus—stress   curves   are 
given   for   longitudinal   and  transverse   specimens   of  mag- 
nesium   alloy J—1   sheets   0.032   and   0.102   inch   thick. 

Significant   differences  were   found  "between   the 
tensila   and   compressive   stress—strain   curves   and  "between 
the   compressive   3tress—strain   curves   for   the   longitudi- 
nal   e.nd   transverse   directions.      The   differences   "between 
longitudinal   and   transverse   compres_s ive_ pr opert ies   are 
brought   out   further   by   giving   curves   of   tangent Modulus 
and   of   reduced modulus   for   a rectangular   section. 

The  results   for   the magnesium   alloy   sheet   differed 
from   those   for   the   aluminum   alloy,   carbon   steel,   and 
stainless   steel   sheets   described   in  NACA  T.N.   840   in   that 
the  tensile   stress—strain   curves   continued   to   climb 
steeply   beyond  the   yield   strength,   while   the   compressive 
stress-strain   curves   were   smooth   below   the   yield   strength 
and  then  approached   a horizontal   asymptote   at   the  yield 
strength. 

INTRODUCTION 

This.paper   describes" a   continuation   of   the   work, 
reported   in  reference   1,   of   assembling  tensile   and   com- 
pressive   stress—strain   data  on   sheet   metals   used   in  air- 
craft   to   provide   an   experimental   background  for   a  study 
and   classification   of   .such  data.    'This   work has   been 
conducted   at   the  National  Bureau   of   Standards   with   the 
support   of   the.National  Advisory   Committee   for   Aeronautics. 
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MATERIAL 

The. sheets   were   of  magnesium,  alloy J—1   in   the hard 
temper   (Bary Department   designatipn:   '8H),   0.032  and 
0.102   inchcfchibk,   obtained   in  1940  from  the Dow  Chemical 
Company. 

TENSILE   TESTS 

The  tensile   specimens   were   taken from   each   sheet 
in  the  lengthwise  (longitudinal)' and  crosswise   (trans- 
verse)   directions.      They were  type  5   sp-e-ciufceivs   described 
in reference  2  and   complied  with   spe-cif ications   in ref- 
erence  3,     They  were  tested   in a  hydraulic machine   in 
the   same manner  as.  the  t.ensile   specimens   in  reference  1. v» 

/ 

The stress—strain curves, stress—deviation curves, 
and secant'modulus—stress curves, derived as in refer- 
ence 1, are shown in figures 1 and 2. 

The results of the tensile tests and the tensile 
properties prescribed for sheet magnes-ium— has© alloy 8S 
in Navy Department Specification 47M2a, Decem-b-er 1, 1942, 
are given in table I,  The experimental values of Youagrs 
modulus and yield strength were determin-ed as d-es-cribed 
in reference 1. 

Both sheets pass current tensile specification re- 
quirements for magnesium alloy 8H. 

OOMPEESSIVE TESTS 

1 
The   compressive   tests   were -made . with   a   subpress 

(reference   4)   in  a beam  and poise,   screw—type   testing 
machine, 

Ehptes'ts. on   the^0,032—inch   sheet   were made  on packs 
consisting.of   5   specimens.     The  packs  were   tested with   th 
their   ends   clamped   in   the  grips   of   the   subpress.     They 
differed  from   the   conventional  flat—ondepp-cks   des-cribod 
in ref'eronoe  5   in  the  following particulars. 

/ 



k 

NACA  Technioal Note  No.   915 3 

Che  middle   spe.cimen was   0.52   inch wide   and  the   sup- 
porting,  specimens   were   0i50   inch  wide.     The   specimens 
were   cemented together   as :follows.      The   specimens   were 
coated  with  Bostick   cement.     After   drying  over  night   they 
were  pressed  together   at   a  temperature   of   64     0  for   4-g- 
hours   i»  a jig  similar   to   that   described   in  reference  6 
but   without   end   clamps.     The  packs   were  ground  to  length, 
3.24  inch.     The  free  length  of   each pack was   2.10   inches. 
Lateral,support   against   premature   buckling  was   provided 
on   each   side   of   the  pack by   33  pins   in   3   columns   and  11 
rows   spaced   on  3/l6—inch   centers. 

Thet.ests   on  the   0.102—inch   sheet   were  made   on  single 
specimens   0.50   inch   wide  by  3.24   inches   long.     They  were 
tested   in'the   same  way  as   the  packs   of  the   0.032—inch 
sheet. 

The   strain was  measured  by   a pair   of   Tuckerman   1— 
inch   optical   strain   gages   attached   on   opposite   edge  faces 
of   the   specimen. #       • ._      "~      '_ _Z~. 

The   stress—strain   curves,   the   stress—deviation 
curves,   the   secant  modulus—stress   curves,   the  tangent 
modulus—stress   curves,   the  non-dimensional   tangent  modu- 
lus—stress   curves,   and  reduced modulus  (rectangular   cross 
section)   —stress   curves   are   shown   in  the'figures.     They 
were  derived  äs. described  in reference 1. 

The  results   of   the   compressive   tests   are   given   in 
table   XI.      The   experimental  values   of  Young's   modulus 
and yield   strength  were  determined  as   described   in  ref- 
erence   1. 

The' values   of   compressive' yield   strength  were  lower 
than  the  specif ied'minimum values   for   tensile  yield 
strength. •.•••. 

CONCLUSIONS 

The   tensile properties   of   the   sheet   were  well   above 
those   specified,   for   sheet   magnesium—base—alloy  8H   in 
Navy Department   Specification  47M2a, "December/1-,   1942. 
The  results   cannot   be   considered   as  representative,   there- 
fore,   of  material   just   meeting   specifications» 
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TIie' longitudinal, and transverse tensile . curves wero 
in   close   agreement   thrqughout .-most"- of • the  range  f-or   which 

,&fie strain 'was measured; the yield strengths .differed "by- 
less   than   2 ..'per cent.      The   cömpreBsive  yield   strengths   in 
.the 1'onTgitudinal direction were significantly lower than 
in' the transverse direct ion and both-were much 1-ess than 
the   corresponding v.alue-s   in   tension... 

Ehe   results "for .the magnesium   alloy sheet   differed 
•from-those   fiar   the   aluminum alloy /. .carbon   steel,-and 
stainless   steel   sheets   described   in NACA  I.N.   840   in 
that   the.tensile   stress—s.train   curves   c-ontinue  to. climb 
steeply   beyond  the   yield   strength,   while   the   compresslve 
stress—st.r'ain   curves   were'  sjnooth   below.-the   yield   strength 
and   then   approached   a  horizontal   asymptote   at   the  yield 
strength. 

National  Bureau   of   Standards, 
Washington,   D.    C.,   October   1,.  1943', 

2. 

&ETESJSNCES 

Aitchison,   C.   5.,   and  Miller,   James   A.:      Tensile   and 
Pack   Compressive   Tests   of   Some   Sheets   of   Aluminum 
Alloy,   1025   Car.bon  S.teel,   and.Chromium-Nickel'      ' 
St-ffBl',      T.N.   No.   840,   NACA,   1942. 

Anon.:      General   Specification   for   Inspection   of Metals 
Federal   Speclfication>&Q—M—151a,   federal   Standard 
Stock'Catalog*   sec..IT,   pt.   5,   Nov..27,   1936. 

3. Anon.:      Tentative  Methods   of   Tension   Testing   of 
Metallic  Materials.     1940   Supplement   to  A.S.T.M. 
Standards,   pt.    1,-Metals-,   (E   8—401),   A.S.T.M. 
(Philadelphia),   pp.   453-463. 

4. Aitchison,   C.   S .• ,   and Miller, -James  A.:      A  Subpress 
for   Compressive'Tes±s.      T.N*   No.   912,   NACA,   1943. 

5;   Aitchison,   C.   S„.)   and   Tuckerman,.L.   3.;      The   "Pack" 
ilethad  for   Compressiv-e   Tests   of   Th-in   Specimens   of 
Materials  Used   in   Thin—Wall   Structures.     Hep.   No. 
649,   NACA,   19 39. 

6.   AitchiSon,   0.   S,:      Extension   of  Pack Method   for   Com- 
pressive   Tests.      T.N.   No.   789,   NACA,    1940. 

r 



A 

TABLI I - HIBULT6 OF main TESTS 

Bominal 
thick- 
nesa of 
aheat 
(in.) 

Direc- 
tion 

Specification values To»t r«*ult» 
] 

« 
CD 

[aterlal Strain       ' 
presorihed 
fox yield 
strength, 
extension 
under load 

lToung» B 
modulus 

Uinimum 
yield 

strength 

Minimum 
tensile 
strength 

Uinimum 
elonga- 
tion in 
3 inches 

Young's 
modulus 

i 

Yield strength Tensile 
strength 

Ilonga- 
tion in 
3 inohee 

OffBet 
method, 
offset 
- 0.3 
per- 
cent 

Exten- 
sion 

under 
load 
method 

(kips/ 
sq in.) 

(kipa/ 
sq in.) 

(kips/ 
sq in.) 

percent (kips/ 
sq in.) 

(kips/ 
sq In.) 

(kips/ 
•qin.) 

(kips/ 
aqin.) . 

poroent 

31 Uagne- 
alua 
alloy 
j-lh 

0.033 Longi- 
tudi- 
nal 

Trans- 
verse 

0.0063 

.0063 

6,500 

6,500 

33.0 

33.0 

40.0 

40.0 

3.0 

3.0 

6,350 

6,350 

37.0 

37.7 

33.« 

33.4 

44.8 

47.3 

8.0 

ia.o 
aa Uagne- 

fllUffl 
alloy 
J-lfc 

.102 Longi- 
tudi- 
nal 

Trans- 
verse 

.0063 

.0063 

6,500 

6,600 

33.0 

33,0 

40.0 

40.0 

3.0 

3.0 

6,380 

6,370 

38.3 

38.1 

34.0 

33.6 

47.a 

49.4 

8.5 

13.5 

*0omputed from speciflad yield strength, specifled extension under load and an offset of 0.3 percent. 

«4 

» 
o 
tr 

.a 
o 
p 
H 

TABU II.« BJC8ULT8 OF 0OMPRE86IVB TESTS 

+» 
b * 
3 

nominal 
Thiokness 
of  ahaet 
(in.) 

Direction Sumb#r of 
speoimens 
in a pack 

Young*s 
modulus 

- • 

Secant 
modulus 

Yield strength 
Offset 
method4 
offset^o.Ä 
percent 

Secant 
method 

(kips/sqln.) (klps/aq In.) (klps/sqin.) (klpa/eqin.) 

21 

83 

Uagneeium alloy J-lh 

Uagneeium alloy J-lh 

0.033 

.103 

Longitudinal 
Transverse 

Longitudinal 
Transverse 

5 
5 

Hote 
Note 

6,500 
6,550 

6,460 
6,580 

4J440 
4,470 

4,410 
4,450 

34.5 
38.5 

37.0 
30.3 

84.6 
28.5 

27.0 
30.9 

Vote: Single Bpeoimen 
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Figure  1.-Sheet 21. Magnesium   olloy J-lh, thickness 0.032 Inch. 
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Figure 2.-Sheet 22. Magnesium   alloy   J-lh,  thickness 0.102 inch 



r c:::llESiRIC.cO ~'U'll-7445 
mLE: Tensile and Compressive Tests of Magneslwil Alloy 1-1 Sheet 

~INone)J ,':) 
AUTHOR(S): Aitchison, C. S.; MllIer,lames A. .....== I ~ ~ 
ORIGINATING AGENCY: National Advisory Committee for Aeronautics. Washington, D. C'I-..,.,=,.,-!,TN=-!!91!!1!...~·o!..:,./'.,.~L 
PUBLISHED BY: (Same) ~"""'""= 

.. 1D 
Dec '43 

ABSTRACT: 
1 

DOC. C&AD. 1 Restr. ~I 
........ 
Eruz. 1

• ..... 1 ....... _ 
7 tables . .".anbs 

Tensile and compressive properties of longitudinal and transverse specimens of mag
nesium aHoy 1-1 sheets, 0.032 and 0.102 In. thick, were tested. It was found that the 
tensile properties were above the Navy specification 47M2a for magnesium-base-alloy 
8H. Longitudinal and transverse specimens were In close agreement In the tensile test. 
In the compressive yield strengibs. longitudinal direction was much less than the trans
verse direction and both were much less than the corresponding values In tension. 

DISTRIBUTION: Request copies of this report on! from Originating Agency 
DIVISION: Stress Analysis and Structures (7) SUBJECT HEADINGS: Sheets, Stiffened - strength (85787); 
SECTION: Structural DesIgn and Details (3) Magnesium alloys - Strength (58425.71) 

ATI SHEET NO.: R-7-3-3 
Air Documontl Division, Intolligonco Dopartmonl 

Air Matoriol Command 
Alit TECHNICAL INDElt 

Q€SfRI6TEQ 

\"trlght.Pattonaa Air fon:o Baso 
Daytaa, 0 .... 




